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1. 对杜氏藻属（Dunaliella）的 15 个不同株系进行特定条件下的培养，在生
长平衡期收获，采用索氏提取法测定其脂类含量。其中 9 株杜氏藻的脂类含量超
过了干重的 10%，达 10.4～18.3%，其它 6 株在 6.7～9.0%之间； 
2. 通过正交实验研究了氮含量、温度、光照和盐度等因素对杜氏藻株系




3. 采用紫外线照射的方法对杜氏藻Dunaliella bardawil H-42（编号为NO.10）
进行诱变。通过小剂量乙醚抽提和索氏提取法分析，得到两株脂类含量显著高于
原出发株的突变株，分别命名为 D.bardawil H-42 var.HL-1（简称 HL-1）和
D.bardawil H-42 var. HL-2（简称 HL-2）。研究表明，HL-1 和 HL-2 的脂类含量可
达细胞干重的 21.1%和 20.5%，分别比对照提高了 31.9%和 28.1%。随机扩增多
态性 DNA（RAPD）分析表明，HL-1 和 HL-2 与 NO.10 的遗传相似系数为分别























高生物油的产出比例。利用杜氏藻的高脂突变株 HL-1 和 HL-2 热解获得了高产
量的生物油，产油率分别为 51.3%和 52.4%，生物油热值可达 34MJ/kg和 35MJ/kg，
大约是木材的 2 倍；同时获得了一定量的裂解气体（产率为 25.6%和 20.9%），
其中可燃气的比例含量分别占总裂解气的 58.96%和 65.10%； 终所获的生物质

























The exploitation and utilization of biomass energy is an effective stratagem for 
relieving the pressure from conventional energy shortage and environment and 
establishing the sustainable energy system. Among biomass，microalga is suggested as 
a very good candidate for biomass energy production because of the advantage of 
larger biomass，faster growth and higher content of lipid components etc. In this 
paper，Dunaliella，a group of halophilous algae，was used as a bioenergy producter. 
High lipid-content in the cells of Dunaliella was obtained after environment-stress 
inducement and/or UV mutation. Most of the organic materials in the cells can be 
easily converted into renewable bio-oil and gases after pyrolysis. All of the main 
results were showed as follows： 
1. Fifteen species/strains of Dunaliella were cultured under defined conditions 
and harvested during their equilibrium phase of the growth curves. Total lipid contents 
of the cells were determined by the Soxhlet procedure. The experiment results 
suggested that lipid contents of nine species/strains of Dunaliella were more than 10% 
of their dry weight(10.4～18.3%)with the exception of six species/strains were 6.7～
9.0% respectively.  
2. To find out the best suitable conditions for cell division and lipid accumulation 
of  Dunaliella，two strains，designated as NO.10 and NO.15，were studied together 
using orthogonal test. As a result，we found that 5mmol/L of nitrogen，28℃，15 000 
lx of light intensity and 1.5mol/L of salinity were the best conditions for their growth，
while the cultured condition of 1mmol/L of nitrogen，33℃，25 000 lx of light intensity 
and 0.5mol/L of salinity would induced the highest lipid accumulation. 
3. Two mutant strains of Dunaliella bardawil. H-42(numbered as.10)，with the 
character of high lipid-content，have been isolated and identified after ultraviolet 
radiation. They were denominated as D.bardawil H-42 var.HL-1(simply as HL-1)and 
D.bardawil H-42 var.HL-2(simply as HL-2)，respectively. Lipid contents were 
determined by the soxhlet procedure. The results showed that total lipid contents of 
HL-1 and HL-2 were 21.1% and 20.5%(dry weight)，which were increased as high as 















between NO.10 and its mutant strain HL-1 and HL-2 was 0.797 and 0.718，
respectively. 
4. We tried to culture Dunaliella outdoor by using of concentrated seawater with 
additional inorganic nutrients around one year. The results indicated that Dunaliella 
could suffer from the annual variation of temperature， sunlight， salinity，pH and the 
amount of bacteria of the seawater media and had a good harvest of biomass and lipid. 
Outdoor seawater-cultivation can be regarded as a simple and economical model 
system for large-scale culture of Dunaliella. 
5. The pyrolysis experiments of the biomass of Dunaliella were conducted in a 
fluid bed reactor. The main parameters of reaction temperature， reaction period and 
the quantities of catalyzer have been known according to a series of orthogonal 
experiments. In the exposure period the materials of algae powder were converted into 
a variety of products including charcoal，bio-oil and gases. It could be proved that the 
yield of bio-oil converted from the high lipid-content Dunaliella strains(HL-1& HL-2) 
could reach as high as 51.3～52.4%(dry weight).It is surprise that the bio-oil 
originated from Dunaliella displayed a higher caloric value(34MJ/kg～35MJ/kg)， 
which was about 2 times of wood. The yield of pyrolysis gas could reach as high as 
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第一章  前 言 
1.1 能源、资源与环境 
自 20 世纪 70 年代能源危机以来，人们越来越清楚地认识到能源资源的开发
和利用正面临着严峻的形势。依据目前全球化石能源的消费速度以及对石油、煤
炭、天然气的贮量和开采时限进行估算与推测：石油还可以持续开采 41 年，天




















































互作用生成 CO2 和水，而大气中的 CO2 和地面上的水经过光合作用又可以形成
生物质中的碳水化合物，所以这个过程是循环的。其利用过程没有增加大气中




























欧盟生物质能占到其总能源输出的 4%，2000 年到 2004 年之间，欧盟生物质供
热增长了 20%，发电增长了 60%[20]。目前，生物质能在奥地利和瑞典两国的基
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